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ABSTRACT
The purpose of this study was to determine if any
significant change in proficiency of students in Caddo
Parish, Louisiana in the basic areas of arithmetic computa
tion and reasoning had occurred during the period 1960 to
1969.

The period studied was one of transition from

traditional to modern mathematics.
The sample of 6903 was selected from the eighth-grade
students who attended the schools of Caddo Parish, Louisiana
during the school years whose fall semester began in 1961,
1963, 1965, 1967, or 1969.

The sample size by year was 1510,

1481, 1338, 1375, and 1199, respectively.

Each year approxi

mately forty classrooms were represented. The seven

schools

for the study were chosen to represent the different

socio

economic patterns and the races that existed in the parish.
Black students attended separate schools during the period
studied and constituted an average of 35 percent of the
school population.

The sample represented about 30 percent

per year of the eighth-grade population of

the

Eighth-grade students in the schools of Caddo

parish.
Parish

are administered the California Achievement Test each fall
semester.

Each year of the study was considered a different

treatment of the basic subject area in order to test for

differences.

The statistical procedure analysis of variance,

using the least squares teclvi *que, was then performed by
computer on the raw scores of all students in the study by
year for the five years studied.

F-ratios

'ere used to

determine significant changes— at the .05

and .01 levels of

confidence— of the students in the sample

for the basic

areas of computation and reasoning.
In order to determine significant trends in proficiency
of the areas studied, polynomial regression equations were
computed.

The year effects were partitioned into individual

degree of freedom orthogonal polynomial comparisons.

This

is a method to examine the equation for predicting the
dependent variable— in this case computation and reasoning—
on the basis of year trends.

F-ratios were the basis for

determining trends significant at the .05
confidence.

and .01 levels of

Graphs of the linear trends weredisplayed.

Based upon the sample used, the following conclusions
appeared to be justified:
1.

There was a significant change in proficiency of

computation skills of students in Caddo Parish, Louisiana
during the period 1960-1969.
2.

A significant declining trend of proficiency in

computation skills was present in Caddo Parish, Louisiana
during the period 1960-1969.
3.

A significant change in achievement in reasoning

was not found among students in the parish.

x

4.

Significant declining trends of proficiency in

computation skills were present in the following schools:
Broadmoor, Linwood, Oak Terrace, Carver, and Walnut Hill.
5.

Schools categorized as "white" according to the

student population had a significant declining trend in
computational proficiency.
6.

Schools categorized as "black" according to the

student population had a significant declining trend in
computational proficiency.
7.

No school of the sample had an increasing trend

in computational proficiency during the period studied.
8.

Significant declining trends of proficiency in

reasoning were present in the following schools:

Linwood,

Oak Terrace, and Carver.
9.

Significant increasing trends of proficiency in

reasoning were present in the schools Linear and Walnut Hill.
10.

Increasing trends of proficiency in reasoning

were present in schools categorized as "black" according to
predominant student population.

xi

Chapter 1
INTRODUCTION
Mathematics teachers at the senior-high-school level
often complain that students come to them lacking in the
basic skills of arithmetic.

These teachers feel that too

much time must be spent on the basic skills which should
have been mastered earlier.

Modern mathematics— which

places emphasis on understanding, structure, symbolism, and
logic— is now being blamed for the poor achievement by the
students.

The following are among specific criticisms

usually listed:

(1 ) the application of mathematics is

largely ignored,

(2 ) the limited attention to practice

results in inadequate computational skill, and (3) the
emphasis on logic and structure has reduced the mastery of
basic concepts and operations

(Johnson and Rising, 1967:21).

Many studies have been made comparing the traditional
and the new mathematics.
of comparisons:

The following cases cite examples

Wright (1965:3178A) found that eighth-grade

students receiving instruction from a modern mathematics
program did better when tested by a modern test.

However,

when the same group was tested by a traditional test there
was no significant difference in the m o d e m and traditional
programs.

Hungerman (1967:30-39)— comparing students who
1

had studied traditional and modern mathematics in grades
four, five, and six— found the traditional group better in
traditional mathematics, the modern group favored in modern
mathematics, but the achievement in both groups related to
the intelligence of the student and the scope and emphasis
of the textbook studied.

Using modern and traditional

programs, Shuff (1962:558A) found no significant difference
in achievement.

Williams

(1963:495-504) found that both

modern and traditional texts seemed to be equally effective
in preparing students.

Price

(1967:874-876), in a study of

the discovery method on achievement,

found no significant

gain in achievement, but he did find a greater increase in
mathematical reasoning, positive attitudes, and critical
thinking ability.
Because reports have not been published showing the
effect of the modern mathematics over a long period of time,
the following study of results of achievement tests for a
given period discloses valuable information related to the
basic skills in the different areas of arithmetic.
THE PROBLEM
Statement of the Problem
The purpose of this project was to study student
achievement in selected basic areas of arithmetic during an
historic ten-year period, 1960-1969, in which the transition
from traditional to modern mathematics was under way.
Specifically, the study was an attempt to answer the question:

Was there a significant change in proficiency of students
attending the elementary and junior high schools of Caddo
Parish, Louisiana, in the basic areas of (1) computation and
(2 ) reasoning during the period of transition to modern
mathematics?
Delimitations
The sample of 6903 was selected from the eighth-grade
students who attended the schools of Caddo Parish, Louisiana,
during the school years whose fall semester began in 1961,
1963, 1965, 1967, or 1969.

The sample size by year was

1510, 1481, 1338, 1375, and 1199, respectively.
approximately forty classrooms were represented.

Each year
The decade

1960-1969 was chosen since modern arithmetic became a part
of the curriculum during this time.

The students in eighth

grade in 1961 had studied traditional arithmetic.

As the

years of the decade passed more modern arithmetic found its
way into the curriculum.

In 1965 Caddo Parish began using a

textbook for modern mathematics.

The eighth-grade students

in 1969 had completed five years in a modern program.

Due

to the size of the sample only five years of this period
were chosen for the study.
Caddo Parish, located in northwestern Louisiana, is
primarily a metropolitan area.

Most of the approximately

60,000 students enrolled during the period of the study
attended school in Shreveport, the largest city in the
parish.

All schools were supervised by the same school

board.

The schools which educated eighth-grade students

numbered twenty-four in both 1961 and 1969 and provided
instruction for approximately 4300 eighth-grade students
annually.

Black students attended separate schools during

the period studied and constituted an average of 35 percent
of the school population of the parish.
Broadmoor, Carver, Linear, Linwood, Oak Terrace, Oil
City, and Walnut Hill were selected as the subject schools
based on information and advice received from the Supervisor
of Guidance and Research for Caddo Parish Schools.

The

schools were chosen to include the different socio-economic
levels and the races that existed in the parish.

Another

necessary criterion in the selection of the sample was the
existence and the availability of California Achievement
Test scores for the period being considered.

Each student

had been administered the California Achievement Test during
the first month of his eighth-grade school year.
Eighth-grade students in Caddo Parish schools made
the transition from traditional to modern mathematics during
the years included in this study.

The basic textbook,

Modern Mathematics Through Discovery, Silver Burdette, 1964
edition, adopted and used in the schools selected for this
study, emphasized the discovery approach or method.

The

teachers generally taught the modern concepts in the spirit
of the modern mathematics program.
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DEFINITIONS OF TERMS USED
Modern Mathematics
Many names are used for modern mathematics such as
"contemporary mathematics," "SMSG mathematics," "new
mathematics," and "discovery mathematics."
emphasizes the structure of mathematics.

A modern program
Relationships that

exist among various number operations are stressed (Grossnickle, 1968:9).

The understanding of operations is

developed by use of the discovery method.

Language and

symbolism are precise and sophisticated.

New topics are

introduced into the typical modern program.

Drill and

manipulation are minimized (Johnson and Rising, 1968:22).
Traditional Mathematics
Traditional or "conventional" mathematics programs
have the goal of mastery of operations through repetition or
drill.

Meaning and understanding are not usually developed

(Grossnickle, 1968:9).
Computation
The battery of the California Achievement Test used
to evaluate achievement in computation skills is titled
Arithmetic Fundamentals and is composed of the four sub-tests:
(1) addition,
division.

(2) subtraction,

(3) multiplication, and (4)

Problems stress computational skills in whole

numbers, fractions, decimals, and percents.

There are

twenty problems in each sub-test resulting in a total of

eighty problems in the battery.

The Arithmetic Fundamentals

battery of the California Achievement Test (1957 Edition)
was accepted as a valid instrument for determining the
proficiency of computational skills of the sample population
studied.
Reasoning
Since reasoning is generally believed to be a mental
process of drawing conclusions from known or presumed facts,
problem solving is used in arithmetic to test reasoning.
The section, Arithmetic Reasoning, of the California Achieve
ment Test consists of three sub-tests:

(1) meanings;

symbols, rules, and equations; and (3) problems.
fifty-five questions in the battery.

(2)

There are

The Arithmetic

Reasoning battery of the California Achievement Test (1957
Edition) was accepted as a valid instrument for determining
the proficiency of reasoning skills of the sample population
studied.
IMPORTANCE OF THE STUDY
There is general agreement among arithmetic teachers
that both reasoning ability and computational skills are
important tools for the study of high-school mathematics.
The traditional mathematics programs place emphasis on
computational skills; whereas the developers of modern
mathematics programs seek to emphasize understanding and
reasoning (Cain, 1966:131-134).

Because of advanced

technology the importance of computational and other
arithmetic skills in adult life is not known at this time.
It is hoped that this study has pointed out the trend in
proficiency of students in the basic skills selected.
Modern mathematics programs involve materials,
content, teaching methods, and emphasis, that differ from
the traditional program.

These programs and/or materials

have made their way into the curriculum since 1958 and have
produced changes in the content of arithmetic that need to
be evaluated.

Evaluation is important during a transition

period, since there is a need to develop further the
arithmetic curriculum into the best approach rather than the
multipronged approaches in use during the transition period.
The results of this study should be beneficial to
administrators in determining the scope and sequence of a
mathematics program for grades one through eight.

Since

most modern arithmetic textbooks do not place emphasis on
computation, current programs may need to be modified to
include additional drill or practice if computational pro
ficiency is deemed desirable.
Because there was a definite need to ascertain the
progress currently being achieved in reasoning through the
new program in mathematics, valuable information was
determined for evaluation of the current mathematics program
of the state.
A longitudinal study to determine the effect of the
m o d e m mathematics on student achievement in computation and

reasoning has not been made in the State of Louisiana.
Therefore, the study serves to determine and bring about a
recognition of the effects of the new mathematics program.
It also is of value to provide data for future statistical
comparisons.
SOURCE AND TREATMENT OF DATA
Eighth-grade students in the schools of Caddo Parish,
Louisiana, are administered the California Achievement Test
each fall semester.

The mathematics portion of the test

contains the areas:

(1 ) arithmetic reasoning and (2 )

arithmetic fundamentals.

The results of these tests are on

file either in the school or in the Caddo Parish Instruc
tional Center.
The grade placement scores of 6903 students from
selected schools for the years evaluated were compiled for
each mathematics area studied.

Using tables furnished by

the California Test Bureau, the grade placement scores were
converted to raw scores.

Each year of the study was con

sidered a different treatment of the basic subject area in
order to test for differences of achievement.

The composi

tion of each class and school was different by year and was
further differentiated by the instructor and the arithmetic
stressed.

The statistical procedure analysis of variance,

using the least squares technique, was then performed by
computer on the raw scores of all students in the study by
year for the five years selected.

The least squares

technique was used because of unequal numbers of students in
each school.

The procedure through F-ratios was used to

determine significant changes in proficiency of the student
population in the parish for the basic areas of computation
and reasoning as the transition to modern arithmetic pro
gressed.
In order to determine significant trends in proficiency
of the areas studied, polynomial regression equations were
computed.

The year effects were partitioned into individual

degree of freedom orthogonal polynomial comparisons.

This is

a method to examine the equation for predicting the dependent
variable— in this case computation and reasoning— on the
basis of year trends.

F-ratios were the basis for deter

mining significant trends.
The same variance procedure was performed on the raw
scores of each individual school to determine significant
changes in that particular school.
The procedure was also performed on the raw scores of
the schools categorized as "white" or "black" according to
student population.

During 1969 token integration was in

effect in some schools.

In order to make a school population

sample reflect only the predominate race, scores for the
minority group were withdrawn by associating the student's
name, score, and race.
Appropriate tables and graphs are included to display
the results of this study.

Chapter 2
REVIEW OF RELATED LITERATURE
BACKGROUND
Arithmetic, if taught in Colonial America, consisted
of learning to count and the performance of operations with
whole numbers

(DeVault, 1961:4).

Arithmetic had been

accepted as a subject against the protest of teachers.
Schools were then centered on teaching reading and Latin so
that the Bible could be read and in order to meet college
entrance requirements.

Arithmetic was introduced gradually

as a tool of business.

The arguments for arithmetic were

generally those of mental discipline, cultural value,
preparatory value, or social value

(DeVault, 1961:5).

In later years arguments began to center around the
aims of arithmetic.

The question as to whether arithmetic

should be computational or concept oriented was not solved.
Early twentieth century objectives were determined largely
by studies which reported uses made of arithmetic by business
men and adults.

The studies found the schools were teaching

too much arithmetic.

The topics and problems were too hard

and were not related to the needs of adults.

Therefore, the

child study movement began which looked into the needs of
10
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children.

This movement lasted into the 1950's.

Topics

were selected from material used in daily life (Brownell,
1954:1-3).
During the 1930's many educators began to place
greater emphasis on learning through insight, interpretation,
relationships, and principles.

Brownell conducted studies

which helped establish the principle that understanding a
computational procedure improves achievement.

The method of

Socrates— the inductive approach— has appeared, disappeared,
and reappeared in mathematics teaching.

Since 1938 Spitzer

has worked on procedures which emphasize the inductive
approach and pupil discovery.

These ideas were incorporated

into materials developed for use during the 1950's.

Present

objectives encompass the computational aspects of the
subject and the provision of a base for further study of all
mathematics

(Riedesel, 1967:15).

During the decade 1950-1960 many study groups and
commissions begem to develop new curricula and materials for
mathematics.

This effort was supported by the united States

Government emd private foundations in order to continue the
United States as the world scientific leader.

Their purpose

was to improve the mathematics programs in the schools.

By

the early 1960's materials were available for grades K- 8 .
Prior to the 1960's mathematics was classified as traditional.
In traditional mathematics, arithmetic was a tool and
objectives were slanted toward the utilitarian aspects.
Objectives of the modern program of the 1960's were to

12
provide a base for further study of advanced mathematics.
While many factors could be cited as a cause of computational
weakness, recently, people assumed that lack of proficiency
in computational skills was due to curricula reform and
change of objectives.
The materials of groups such as School Mathematics
Study Group (SMSG), university of Illinois Arithmetic Pro
ject, Greater Cleveland Mathematics Project (GCMP), Minnesota
School Mathematics Center

(Minnemath), Madison Project,

Stanford Project, Ball State Program and many textbook com
panies have found their way into the curriculum during the
1960's,

in order to evaluate the effect of modern arithmetic

on computational skills and reasoning a close look at the
research was required.
PROFICIENCY IN COMPUTATION AND
REASONING SKILLS
Proficiency in computation has been a continuing
concern of the mathematics educator.

Studies made for

almost a half century point to an inherent weakness in com
putational skills in the Nation's population.

Since

reasoning has not always been an objective of a mathematics
program, and since reasoning is a more difficult factor to
test, studies in this area are not numerous.
Schorling (1931:311-329) gave a test of 100 funda
mental tasks in operations of wholes, fractions, decimals
and percents, to 3545 students in grades five through twelve.

In grade twelve there were only nine tasks that as many as
90 percent of the pupils could do.

There were only twenty-

nine tasks that as many as 80 percent of the twelfth-grade
students could do.

The median score was 67.0.

The results

for the eighth-grade students indicated there were only two
tasks 90 percent could do and only nine tasks that 80 percent
responded correctly to.

Only 56 items, roughly half of the

test, could be done by 40 percent of the eighth-grade
students.

The median score for the eighth grade was 43.8.

Schorling concluded that one of the crucial problems of
senior high school, though little was said about it, appeared
to be that of computation.
The C. H. Mills Selection Test was administered by
Taylor (1937:10-14) to entering freshmen at Illinois State
Teachers College for several years.

In 1937, of 2099

freshmen tested the average score was 60 percent which was
about the average score over the years.

About 60 percent of

the errors made were due to computation or improper pro
cesses for working the problem.

The writer said:

About 3 out of 10 failed in adding 2/3, 3/5 and
5/12; 2 out of 10 failed in dividing 5/36 by 6 ; 5
out of 9 in dividing 175 by .35 and in reducing 7/16
to a decimal fraction.
The most serious defect
exposed was a lack of ability to interpret problems
and understand meaning.
A selected examination was given in 1942 to 4200
freshmen at twenty-seven leading colleges and universities
in the United States.

Nimitz

(1942:88-89) reported that 68

percent were unable to pass the arithmetic reasoning portion
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of this examination for entering the Naval Reserve Officer's
Training Corps.

Sixty-two percent failed the whole test

which included arithmetic combinations, vocabulary and
spatial relations.

Most failures were not borderline but

far below passing grade.
The typical inductee for World War II did not have
the training in arithmetic needed.

Reeve

(1943:243-246)

wrote:
When only one inductee out of four can select the
correct answer from four suggested answers for 5 is
20% of what number?; when only one in three can
select the correct answer for, 7 - 5%; and when
only one in four can select the correct answer for,
.32 t .64; under these conditions it is clear that
the inductee is ill prepared to cope with the
quantitative situations he will encounter in his
basic training in the Army.
Brueckner (1943:466) gave a twenty-minute test of
thirty items whose social utility was not questioned to
seniors in high schools in twenty states.

The questions

involved wholes, fractions, decimals and percents.

Class

medians ranged from nine to twenty-three correct of the
thirty examples.

The median for all classes was 17.1 items

or 57 percent accuracy.

The scores for the seniors were

lower than those for ninth grade.

This level of results was

worse than the levels reported by the armed forces even
though this new test was designed with easier items.
Brueckner concluded that evidently the criticism with regard
to ability in arithmetic was valid.

No relation between

size of school, size of community, or region of the country
seemed to exist.
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In May 1955 an arithmetic test of seventy items was
given to a cross section sample of ninety-one English
schools.

in 1957 the same test was given to a similar

population from California schools.
year-old students in the two samples.

There were 3179 elevenThese tests included

forty non-verbal computation problems and sixty verbal
exercises and problems.

The overall English mean score was

29.1 and the mean score in computation was 14.1.

In compari

son, the California scores were 12.1 and 4.2, respectively.
Seven students from England made a perfect score with 428
students making 54 or better.

Not a single student from

California scored as high as 54.

in verbal problems, or

reasoning, the median for the English students was 15.0.
The'California students earned a mean score of 7.8 in verbal
problems

(Buswell, 1958:1-9).

D'Souza (i960:3376A) used achievement tests designed
for Catholic schools in Chicago, Illinois to determine the
effectiveness of instruction in arithmetic.

The tests were

given to 52,000 pupils sampled from each eighth-grade class
in every school in the city.

The results were discouraging.

Five out of every twenty, or 25 percent, were unable to
perform the basic operations with whole numbers.

An even

greater deficiency appeared in arithmetic reasoning where
eleven out of twenty, or 55 percent, were unable to think
through relatively simple procedures.
Creswell

(1964:248-250) conducted a study of 313

prospective teachers who were to be graduated from eight
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teacher-training institutions in Georgia during 1963.

The

Metropolitan Achievement Test, Advanced Form AM, consisting
of ninety-three items was administered.

Forty-five of the

items were devoted exclusively to computation and fortyeight were devoted to problem solving.

The prospective

teachers scored better on concepts and problem solving than
on computation.

Only 81.6 percent scored at the ninth-

grade level while 18.4 percent scored at or below the
eighth-grade level.

Fulkerson (1960:141-146) administered

a forty-item arithmetic test to 158 elementary education
majors at Southern Illinois.

The mean number of items

answered correctly was twenty out of forty or 50 percent of
the test.
One study which reported positive results in
arithmetic competence was conducted by Beckman (1970:334335).

The project measured and compared the mathematical

literacy for students completing eighth grade during the
school years 1950-1951 and 1965-1966.

In 1951, 1296 students

from forty-two schools in Nebraska were tested by the
Mathematics Literacy Test.

The mean score was 45.67.

The

1385 students given the same test in 1965 made a mean score
of 54.91.
.001 level.

The mean gain of 9.24 was significant beyond the
The Mathematics Literacy Test was designed by

Beckman to measure mathematics in terms of the twenty-nine
competencies found in a check list prepared and reported by
the Commission on Post War Plans in 1945.
In 1966 a test was given to 133,000 students from

5,300 schools in eleven countries.

This extensive study,

called "The International Project for the Evaluation of
Educational Achievement" and known as the I.E.A. Project,
concluded that mathematics achievement is positively asso
ciated with socio-economic status in all countries.

Eighth-

grade students from the United States made a sixth-grade
equivalency score on the test in arithmetic.

Only 43 percent

scored in the upper half of all scores on the test.

The

mean average score earned was half that of Japan, the leader
which ranked the students from the United States in eighth
place.

Students with training in modern mathematics scored

higher on the test than those with traditional training
(Foshay, 1967:40-42).
MODERN VERSUS TRADITIONAL MATHEMATICS
Literature Related to Computation
Comparative studies were common and many were available in addition to those cited in Chapter 1.

During the

period of transition to modern mathematics, the comparison
technique seemed to be the most justifiable procedure to
determine the effectiveness of the experimental curricula.
Ruddell

(1962:330-335) investigated the effects of a modern

arithmetic curriculum at seventh-grade level of achievement
in various facets of traditional arithmetic.

The experi

mental, or modern group, scored significantly higher on five
of sixteen basic analyses.

There were no significant

differences in scores on the test of arithmetic computations.
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A conclusion was that the modern program will lead to as
high or higher scores them the traditional program.
When 482 pupils who had been taught SMSG materials
for three years in grades four, five, and six were compared
by Grafft and Ruddell

(1968:161) with pupils using State

textbooks, no significant differences were found on tests of
multiplication computation of whole numbers, fractions, and
decimals.

The SMSG materials contributed to greater

understanding and greater transfer for the average and aboveaverage learner without diminishing computational
achievement.
In a study done in 1965, Friebel

(1965:903) compared

achievement and understanding among seventh-grade students
enrolled in traditional and modern arithmetic programs.

No

difference in total achievement in arithmetic fundamentals
was reported.

Tryon

(1968:3792A) found that pupils in two

programs responded equally well on computation, attitude,
and creative ability when prior success in these areas was
controlled.
In a report of the first three years of field study
in seventh and eighth grade to determine the effectiveness
of several prototype mathematics programs, Ericksen and
Ryan (1966:1-50) reported pupils instructed in conventional
and experimental programs reveal few statistically reliable
differences with respect to achievement and retention.
Initial pupil ability was the most significant factor
involved in achievement.
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Traditional instruction was compared with SMSG
instruction in grades seven, eight, and nine by Cassell and
Jerman

(1963:203-207).

Using the California Achievement

Test on seventh grade and Cooperative Arithmetic Test for
eighth grade, it was reported that pupils enrolled in the
modern program had statistically significant higher arith
metic test scores than did matched students in the traditional
program.
Using the California Achievement Test, 1957 Edition,
Simmons

(1965:6566A) compared instruction between grades

four, five, and six.

On traditional tests students in the

modern program scored in computation as high and/or higher
than did students in the traditional program.
Crowder

(1969:2901A) used a pre-test, post-test pro

cedure to determine the effect of a modern program on
achievement in computation, concepts, and applications.
Pupils in grades four and six achieved above the normal rate
in computation and concepts.

Grade five achieved above the

normal rate in all categories.
A study of the relative effectiveness of the discovery
approach as compared to the drill method in ninth-grade
general mathematics conducted by Howitz

(1965:7178A) showed

no significant difference in mathematics achievement when
measured by the Sequential Test of Educational Progress.
But when measured by the General Mathematics Achievement
Test the group taught by the discovery method scored
significantly higher.
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In a study of the effect of discovery on tenth-grade
general mathematics students, Price (1967:5304A) concluded
that discovery groups showed no significant gain in achieve
ment.
When sixth-grade pupils using a modern text series
were compared to a traditional group, Lindstedt (1962:2032A)
found there was a significant difference in favor of the
experimental group in computational skills.
All research does not favor the modern approach.
When Shuff (1962:558A) compared achievement in arithmetic at
seventh- and eighth-grade levels under modern and traditional
approaches, there was evidence the traditional approach was
more effective than the modern approach using the Sequential
Test of Educational Progress and Cooperative Arithmetic Test
for evaluation.
group.

Generally, the gains favored the traditional

Evidence also showed that institute training for

teachers in modern methods and materials gave no advantage
over other teachers.
Klechner (1968:1075A) reported that low achievers in
ninth and tenth grades achieved significantly higher in
general mathematics classes when taught conventionally
rather than by a discovery approach.
One of the most thorough studies comparing achievement
between modern and traditional programs was reported by
Hungerman (1967:30-39).

Using the California Arithmetic

Test and California Contemporary Mathematics Test, students
in grades four, five, and six, in Detroit were compared.

21
Achievement data significantly favored the traditional group
in the area of conventional arithmetic and favored the
modern group in modern mathematics.

Achievement was

positively related to intelligence.

Socio-economic level

demonstrated little or no relationship to achievement.
Greabell

(1969:288-292) used three approaches—

traditional, crash modern, and systematic modern— to deter
mine the relative effectiveness of these approaches in fifth
grade.

Using the Iowa Tests of Basic Skills, Stanford

Achievement Test, and Contemporary Mathematics Test to
evaluate the programs, significant differences were reported
on only two sub-tests.

The computation and concepts sub

tests of the Stanford Test indicated significant differences
in achievement.

A study of the mean scores revealed that

the systematic modern approach had the highest mean on the
Contemporary and Stanford tests, that the traditional method
had the highest mean on the Iowa test, and that-the crash
modern approach had the lowest mean on both the Iowa and
Stanford tests.

Greabell raised the question as to whether

a school should implement a modern program just to have one
if a well-taught traditional program might give more positive
results.
Ziebarth (1963:4593A) compared groups of seventh- and
eighth-grade students that had studied SMSG materials for
two years with students in a traditional program.

The SMSG

students did not perform well on the fundamental operations
section of the Iowa Test of Basic Skills.

Generally,
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students in the SMSG curriculum did as well on tests of
traditional skills and understanding as the traditional
group, but in fundamental arithmetic the traditional group
excelled.
Wright

(1965:3178A) found that eighth-grade students

receiving instruction from a modern mathematics program did
better when tested by a modern test.

However, when the same

group was tested by a traditional test, there was no signifi
cant difference shown in the programs.
The National Longitudinal Study of Mathematics
Abilities

(NLSMA) was a long-term study funded by the

National Science Foundation.

It was administered by the

School Mathematics Study Group (SMSG).

Over 112,000

students from 1500 schools in forty states participated in
the study.

The study was conducted in some arithmetic areas

for five years.

Grades seven and eight were studied at two

different times for comparison of changes in achievement.
Since the textbook is one of the important factors that
influence achievement in arithmetic, greatest interest in
the study was centered upon texts.

Student groups were

taught from several textbooks that were classified as modern
or conventional.

Seventh and eighth grades in the x-popula-

tion of the study showed significant differences between the
textbook groups in about half of the dependent measures of
the study.

Schools that used conventional textbooks tended

to produce pupils skillful at computation but not high in
achievement on measures of comprehension, application or
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analysis.

Patterns of achievement of pupils reflected the

topical emphasis of the textbook.

"Modern textbook series

tended to be less consistent in their achievement patterns
than were conventional series relative to the set measures
used"

(Carry, 1970:164).
McLaughlin (1969:2911A) analyzed textbooks to deter

mine the similarities and contrasts in their presentation of
the subject matter in seventh grade.

A study was also made

to compare the mathematical achievement of two groups using
different textbooks.

The differences favored the group

using textbooks in which longer sections, longer explanatory
portions, more examples, and symbolic notation were used.
Ryan (1968:1-169) pursued the effects of modern and
conventional curricula on pupil attitudes, interests and
proficiency.

In a five-state area, 126 pairs of ninth-grade

classes showed little differential effect in comparison to
conventional programs in attitudes and interests.
Sixth-grade achievement was compared by Moray (1968:
4538A) using the California Achievement Test.
1960 were compared to those in 1966.

Students in

Using experimental and

control groups of approximately 200 students each for the
years in the study, the conclusion was reached that the
reform movement has had an unfavorable effect on achievement
in traditional arithmetic.
Mastain (1964:3439A) found that fourth-grade pupils
in traditional groups scored significantly better than SMSG
groups on tests designed for computational efficiency.

The
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SMSG group did significantly better on tests to measure
understanding.

A recommendation of this study was that a

longer period of time be used to study the problem.
Easterday (1964:462-468)

found that modern mathematics

can be blended with traditional mathematics into a success
ful program for low achievers in seventh and eighth grades.
This blended program may be effective in increasing the
grade-placement level of a low achiever up to as much as
three years.
Literature Related to Reasoning
An important role of modern mathematics is the
development of thought, experimentation, and proof.

These

concepts are essential to the development of reasoning.

In

order to test the proficiency of a student in reasoning,
tests usually include the topics of concepts and problem
solving.

There is abundant literature related to problem

solving.

In one article the writer said:

Methods of improving pupil facility in the solution
of verbal or word problems have probably been the
subject of more investigations than has any other
arithmetic topic. The sheer number of these research
studies points to both the difficulty and the impor
tance of this area of instruction. The results of
these many investigations are not easy to assess, and
there is no indication that the final answers to the
many aspects of the teaching of verbal problems can
yet be formulated (Spitzer, 1962:20).
Modern mathematics may be a key factor to the improve
ment of reasoning ability.

Previously cited studies

comparing modern and traditional approaches tended to favor
m o d e m arithmetic in the development of factors related to

reasoning.

Friebel

(1965:903) found the SMSG approach

promoted superior growth in arithmetic reasoning.

Tyron

(1968:3792A) reported modern and traditional groups respond
equally well when prior success in problem solving is con
trolled.

Simmons

(1965:6566A) concluded that modern mathe

matics did not contribute to a decline in reasoning.
most instances improved results were attained.

In

Ziebarth

(1963:4593A) reported that students who studied SMSG for two
years did as well on traditional tests of understanding as
did students in a traditional program.

Mastain

(1964:3439A)

found an SMSG group did significantly better on traditional
tests to measure mathematics comprehension and reasoning
than did a control group.

A specific problem solving

approach reported by Lindstedt

(1962:2032A) resulted in no

significant differences between modern and traditional
groups in problem solving competence.

Crowder (1969:2902A)

reported a modern group did not achieve above the normal
expected rate in applications.
studied by Price

Groups in general mathematics

(1967:874-876) that were taught a discovery

method showed greater increases in mathematical reasoning,
inductive reasoning, and critical thinking ability than a
group taught the traditional way.
Ruddell

Data from a study by

(1962:330) showed the modern group made a mean score

of 87.08 on the California Achievement Test.
tional group scored only 84.97.

The tradi

A study reported by

Graebell (1969:288) which compared three methods of instruc
tion resulted in mean scores on the applications sub-test of
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the Stanford Achievement Test in favor of modern groups.
The crash modern group made 6.48, the systematic modern made
6.67 and the traditional group made 5.54.

Hungerman (1969:

2254A) reported the traditional group scored significantly
higher at the .01 level on the reasoning battery of the
California Achievement Test.

Groups taught by a discovery

method showed greater increases in mathematical reasoning,
inductive reasoning, and critical thinking ability in a
study reported by Price (1967:874-876).
ship was reported by Phelps

A definite relation

(1963:1052A) to exist between

SMSG arithmetic and the ability to think creatively.
Horn (1969:2254A) used students from the 1963-1964
and from the 1967-1968 population of Topeka to compare
traditional and modern mathematics.
Skills was used to test achievement.

The Iowa Test of Basic
One approach seemed as

effective as the other for problem solving and concepts.
METHODS AND MATERIALS
The reform movement in arithmetic was not limited to
curricula.

Teaching procedures, particularly discovery

teaching, manipulation of aids, and organization of the
school, have been the subject of many research projects.
The work of Piaget seems to have greatly influenced
the mathematics curriculum.

Teachers have realized that

certain ideas and degrees of abstraction cannot be learned
until certain mental ages.

Adler (1966:576-584) stated that

Piaget's theory, properly understood, has many fruitful
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implications for the art of teaching.
tions were stated in his article.

Thirteen such implica

Generally, these implica

tions relate to the rigor that can be understood at each
grade level.

Teachers may use concrete, semi-concrete or

abstract presentations depending on the stage of mental
development of the student.
Discovery teaching stresses the pupils' seeking for
answers.

Discovery has been previously mentioned as one of

the chief characteristics of the m o d e m program.

Research

studies comparing pupil achievement in programs emphasizing
an eaqploratory procedure have a slight edge over those of
non-exploratory nature in controlled experimental situations.
In results of observational situations, the factors of pupil
confidence, resourcefulness, and general interest in arith
metic have been definitely in favor of programs emphasizing
exploration and discovery (Spitzer, 1963:8).
A problem faced by most teachers is the role of drill.
The modern programs provides for the attainment of a variety
of cognitive skills, abilities, concepts, and understandings,
as well as for the maintenance of computational skills.
From research studies such as that of Brownell and Chazal
(1935:17-28) a guiding principle regarding repetitive
practice has developed.

Drill should be preceded by a

thorough teaching program aimed at development of meaning or
understanding.

Shipp and Deer

(1960:117-121)

found a trend

toward higher achievement in arithmetic when the percent of
class time spent on developmental activities was increased.

Pigge

(1964:113-120) presented evidence that students in

eighth grade learned arithmetic skills better by spending
less time on practice work in class and more time, as much
as 50 percent more, on developmental activities.
In a study to investigate the relative effectiveness
among three different arithmetic methods, Greathouse (1965:
5913A) found fifth- and sixth-grade students taught by
meaningful methods achieved equal or better computational
skill than when taught by a drill method.

Hopkins

(1965:

5291A) found that drill time, for the fifth-grade group
studied, could be reduced and proficiency in computation
maintained.

Understanding was significantly improved when

the time normally used for drill was applied to informal
investigation of problems involving concepts met in
secondary school.
In contrast to the preceding studies, Miller (1970:
115-120) found that mastery of basic concepts and computa
tional skills of 137 college freshmen weak in arithmetic was
greatly increased by large amounts of practice.

Smart (1967

85-86) wrote:
Practice is still important in modern elementary
school mathematics. The philosophy of practice has
been modified by the introduction of modern mathe
matics, but practice is essential if children are to
be successful in arithmetic.
Mulry

(1961:49) reported that the results of the few

available studies in the area of homework were not in agree
ment.

If this problem were satisfactorily answered, then it

would be known whether computational proficiency could be

strengthened this way.

Kock (1965:5-13) found that sixth-

grade student achievement in arithmetic was increased with
homework.

Homework did tend to increase achievement in

computation but did not appear to increase achievement in
problem solving.

If the objective of homework was to

increase computational skill, then Goldstein (1960:213-224)
presented evidence that regular assignments achieved this.
Hudson (1965:906A) studied the influence of homework in
seventh grade.

The research disclosed that the amount of

homework assigned had no significant relationship to
scholastic achievement in arithmetic concepts but achieve
ment in problem solving may be influenced by the amount of
homework assigned.

Maertens

(1969:383-389) examined the

effect of homework upon achievement and attitude development
of third-grade pupils.

Homework did not have a significant

effect upon achievement as measured by tests of arithmetic
processes, computational skills and problem solving ability.
SUMMARY
The research presented in this chapter indicated the
following conditions related to computation and reasoning:
1.

Scores of proficiency in computation and reasoning

for the population of the united States over the past several
decades were below expected levels.
2.

Scores in computation of students from the united

States did not compare favorably to scores of students from
other countries.
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3.

Modern approaches appeared at best to prepare

students as well in computation as did traditional approaches.
4.

Modern approaches seemed superior in the areas of

arithmetic related to reasoning such as understanding,
attitudes, and concepts.
5.

Meaningful approaches appeared to be superior to

programs not emphasizing meaning.
6.

Homework appeared to be helpful only if the

arithmetic involved mechanical skills.

Chapter 3
PRESENTATION AND ANALYSIS OF DATA RELATED TO STUDENT
PROFICIENCY IN COMPUTATION AND REASONING
The statistical technique analysis of variance was
used in this study to examine the proficiency in computation
and reasoning of a selected group of 6903 students from
Caddo Parish, Louisiana.

The students in the sample began

eighth grade during the year 1961, 1963, 1965, 1967, or
1969.

Each year of the study was considered a different

treatment of the mathematics taught in the parish.

Scores

made by the students on the California Achievement Test were
used as the basis of comparison of the years studied,

in

addition, each school in the sample was analyzed as a sub
group.

Students from schools of the sample classified as

"white" or "black" according to student population were also
analyzed separately as a sub-group of the project.
The following null hypothesis was tested for each
sample group:

There are no statistically significant

differences in proficiency in computation or reasoning among
the sample groups for the years of the study as measured by
the California Achievement Test.

F-ratios were computed and

tested for significance at the .05 and .01 levels of confi
dence.

An analysis of variance and tables of means were
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presented for each sample group.
In analyses where differences existed among groups,
orthogonal comparisons were employed to determine regression
trends.

Each comparison was partitioned into a sum of

squares with one degree of freedom.

Significance of the

mean square was tested by the F-ratio.

A significant linear

relationship indicated that the regression possessed a
straight line relationship that was displayed by graph.

A

significant quadratic, cubic, or quartic relationship
indicated that a deviation from linearity existed and that
the regression line was in the shape of a parabolic arc or
some other locus.

The latter relationships indicated that

no consistent directional pattern existed.
ACHIEVEMENT OF STUDENTS IN THE WHOLE SAMPLE
Proficiency of Students in Computation
Table 1 was prepared in order to present data
regarding the analysis of variance for proficiency in compu
tation for 6903 students in the sample.

An F-ratio of 12.022

was disclosed by Table 1 for computational proficiency dif
ference during the years of the study.

This F-ratio was

significant at the .01 level of confidence.

An examination

of the mean scores in computation, presented in Table 2,
shows that the mean achievement in computation decreased
during the ten-year period of the study.

The mean in 1963

was the only mean that did not conform to a pattern of
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Table 1
Analysis of Variance of Proficiency in Areas
of Arithmetic of 6903 Students using
Years as a Source of Variation

Area of
Arithmetic

Degrees of
Freedom

Sum of
Squares

Mean
Square

F

Computation

4

2126867.80

531716.95

Reasoning

4

38133.98

9533.50

12.022^
1.728

♦♦Significant at the .01 level of confidence.

Table 2
Least Squares Means of Proficiency in Areas
of Arithmetic of 6903 Students

Area of
Arithmetic

1961

1963

1965

1967

1969

Avg.

Computation

49.4

51.7

47.5

48.0

44.1

48.1

Reasoning

32.0

32.4

31.5

32.0

32.0

31.9
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general decline in proficiency.

The scores of the last

three years of the study were below the average mean for the
ten-year period.

The data revealed in the two tables sup

ported a rejection of the null hypothesis that no change in
proficiency in computation occurred.
In order to determine the trend effected by the
change in proficiency, Figure 1 was prepared.

A check of

the F-ratios for the orthogonal regression equations showed
that the linear effect was the significant trend.

The

F-ratio of 29.377 was significant at the .01 level as that
figure exceeded the necessary 6.64.

The means for each year

were graphed along with the graph of the linear regression
equation and displayed in Figure 1.

This effect was

interpreted to mean that as the years passed the mean score
in computation decreased in a straight line regression.
Proficiency of Students in Reasoning
When proficiency of reasoning was tested, an F-ratio
of 1.728 was obtained.

This ratio, as shown in Table 1, was

not large enough to justify rejection of the null hypothesis.
Observation of the means shown in Table 2 disclosed that all
means clustered near the average mean of 31.9.

Three of the

means were within 0.1 of the average mean.

The other two

means were within 0.5 of the average mean.

It seemed that

proficiency in reasoning was a stable area of arithmetic
during the ten-year period.

In fact, the last two years of

the study produced means equivalent to the mean for 1961,
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Legend:
VN/S.Year Means
_____ Trend Line
52-r

Mean

50--

48--

46--

1961

1963

1965

1967

Year

Figure 1
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills
of 6903 Students in
Parish Sample

1969
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which was the initial year of the study.
ACHIEVEMENT OF STUDENTS CLASSIFIED BY SCHOOL
This section was presented to examine data relative
to the achievement of students in each individual school
used in the study.

Presented in Table 3 are the data

resulting from the analysis of variance computations.
Tables 4 and 5 contain the least squares means for computa
tion and reasoning.
Proficiency in Computation - Broadmoor
An F-ratio of 10.655 was obtained for year differ
ences in achievement in computation by Broadmoor students.
This F-ratio was large enough to justify rejecting the null
hypothesis at the .01 level of confidence.
The achievement means in computation by year are
presented in Table 4.

The average mean was 66.2.

highest mean was 69.8 in 1963.
recorded.

The

In 1969 the lowest mean was

The last three years were lower than the first

two years studied.
An F-ratio of 24.868 for the linear othogonal equation
was significant at the .01 level.

The graph of the data

(Figure 2) shows a decreasing trend of proficiency in
computation.
Proficiency in Reasoning - Broadmoor
The F-ratio of 1.171 (Table 3) for the year effect of
reasoning was not significant.

Inspection of the means for

Table 3
Analysis of Variance of Proficiency in Areas of Arithmetic of Students
by School Using Years as a Source of Variance

School

Area of
Arithmetic

Degrees of
Freedom

Sum of
Squares

Mean
Square

F

Broadmoor
N = 1274

Computation
Reasoning

4
4

774712.53
30136.89

193678.13
7534.22

10.655^
1.171

Linwood
N = 1555

Computation
Reasoning

4
4

2370716.26
91306.85

592679.06
22826.71

31.764^
3.851^

Oak Terrace
N = 1585

Computation
Reasoning

4
4

4121617.65
185623.20

1030404.41
46405.80

7.510^
8.142^

Oil City
N = 165

Computation
Reasoning

4
4

77030.13
56017.15

19257.53
14004.29

Carver
N = 368

Computation
Reasoning

4
4

732989.86
118278.73

183247.47
29569.68

13.844^
7.21S**

Linear
N = 1262

Computation
Reasoning

4
4

206777.27
113957.55

51694.32
28489.39

4.131**
6.138^

Walnut Hill
N = 694

Computation
Reasoning

4
4

345756.59
62582.01

86439.15
15645.50

5.685^
3.542^

♦♦Significant at the .01 level of confidence.

0.769
1.907
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Table 4
Least Squares Means of Proficiency in Computation
According to Year

School

N

1961

1963

1965

1967

1969

Avg.

All Schools

6903

49.4

51.7

47.5

48.0

44.1

48.1

Broadmoor

1274

68.2

69.8

63.8

66.3

63.2

66.2

Linwood

1555

57.1

59.5

58.2

51.4

49.0

55.1

Oak Terrace

1585

61.4

59.3

53.7

63.6

48.9

57.3

Oil City

165

55.2

57.4

53.1

57.5

51.6

55-. 0

Carver

368

35.5

40.3

31.3

29.6

28.5

33.0

Linear

1262

33.2

36.6

35.7

33.6

34.9

34.8

694

35.3

39.1

36.7

33.9

32.6

35.5

Walnut Hill
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Table 5
Least Squares Means of Proficiency in
Reasoning According to Year

School

N

1961

1963

1965

1967

1969

Avg.

All Schools

6903

32.0

32.4

31.5

32.0

32.0

31.9

Broadmoor

1274

42.2

43.3

42.2

41.9

42.3

42.4

Linwood

1555

36.6

35.4

35.3

35.3

34.2

35.3

Oak Terrace

1585

38.2

37.1

35.8

37.3

35.1

36.7

Oil City

165

33.9

37.5

34.9

38.9

35.5

36.2

Carver

368

25.6

24.2

20.9

21.4

23.7

23.2

Linear

1262

24.0

25.1

26.0

24.9

26.9

25.4

694

23.2

24.6

25.2

24.4

26.0

24.7

Walnut Hill
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Legend:
\/S/\Year Means
Trend Line
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Year
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Figure 2
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills of Students
of Broadmoor

1969
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reasoning (Table 5) shows they are all clustered near the
mean of the means.

The null hypothesis was accepted that no

real differences existed among the mean scores for the years
of the study.
Proficiency in Computation - Linwood
The comparison of year effects on computation pro
ficiency for students at Linwood revealed an F-ratio of
31.764 and was, therefore, significant at the .01 level of
probability.

The means for the years 1967 and 1969 were

well below the means for the years 1961, 1963, and 1965.
The null hypothesis was rejected.
A linear relationship was found for the means of
computation achievement.

An F-ratio of 85.571 was signifi

cant at the .01 level as that number exceeded the necessary
6.64.

Figure 3 was presented to illustrate this trend

graphically.
Proficiency in Reasoning - Linwood
Reasoning proficiency of students at Linwood declined
during the period studied.

An F-ratio of 3.851 for year

differences was significant at the .01 level.
hypothesis was rejected.

Thus the null

The linear orthogonal equation was

significant at the .01 level with an F-ratio of 12.682.
decreasing trend is illustrated in Figure 4.

The
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Legend:
\/\/\Year Means

60-r

Trend Line

Mean
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54”
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50--
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1963

1965
Year

1967

Figure 3
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills
of Students of Linwood

1969
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Legend:
/S/S/NYear Means
_______ Trend Line

37

Mean
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35”
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Figure 4
Graph of Regression Equation Showing Linear Trend
of Proficiency in Reasoning Skills of
Students of Linwood

1969
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Proficiency in Computation - Oak Terrace
The pattern of achievement in computation at Oak
Terrace was different from most schools sampled.

The mean

for 1967 was higher than other years in contrast to schools
where highest means were usually recorded in 1963.

However,

the F-ratio of 7.510 was significant at the .01 level and
justified rejection of the null hypothesis that no differ
ences in year means existed.
The linear regression line was significant at the .01
level with an F-ratio of 9.237.

It was also noted that the

cubic relationship with an F-ratio of 8.614 and the quardic
relationship with an F-ratio of 10.979 were significant.

The

declining linear trend is displayed in Figure 5.
Proficiency in Reasoning - Oak Terrace
Table 3 shows an F-ratio of 8.142 for reasoning when
the means of the years were compared.

This F-ratio was

significant at the .01 level of probability, so the null
hypothesis was rejected.

The same pattern noted in computa

tion for Oak Terrace was also present in the means for
reasoning.

The 1967 mean was high, but in this case was

still not as high as the mean for 1961.
Orthogonal comparisons showed an F-ratio of

19.462

for the linear effect which was significant at the .01 level
of confidence.

The graph in Figure 6 illustrates the

decreasing linear effect.
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Legend
S / V N Y e a r Means
Trend Line
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Figure 5
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills of
Students of Oak Terrace

1969
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Legend:
\ / V \ Y e a r Means
Trend Line
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Figure 6
Graph of Regression Equation Showing Linear Trend
of Proficiency in Reasoning Skills of
Students of Oak Terrace

1969
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Proficiency in Computation - oil city
Oil City was the smallest school in the sample.

The

F-ratio of .769 was not significant, which justified
acceptance of the null hypothesis that no differences in the
means of the years existed.
Proficiency in Reasoning - Oil City
An F-ratio of 1.907 was not significant for differ
ences in means for reasoning, so the null hypothesis was
accepted.
Proficiency in Computation - Carver
An inspection of Table 3 reveals the F-ratio (13.844)
for computation was significant at the .01 level of confi
dence.

The null hypothesis was rejected, which meant

significant differences between the means of the years
existed.
The F-ratio for the linear trend (Figure 7) was
31.625 which was significant at the .01 level.

The cubic

effect was also significant but could not be interpreted as
a trend.

The graph of the linear regression equation indi

cated a diminishing trend.
Proficiency in Reasoning - Carver
The F-ratio

(7.276) for differences in reasoning by

year was significant at the .01 level of confidence as shown
by Table 3.

Thus the null hypothesis was rejected.

A graph of the trend is presented in Figure 8.

The
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Legend:
\/V/\Year Means
Trend Line

Mean

40-

1961

1963

1965
Year

1967

Figure 7
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computational Skills of
Students of Carver

1969
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Legend:
V'N/\Year Means
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Figure 8
Graph of Regression Equation Showing Linear Trend
of Proficiency in Reasoning Skills of
Students of Carver

1969
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linear effect found through orthogonal comparisons was
significant at the .01 level with an F-ratio of 11.653.

The

quartic effect was also significant.
The data showed a decline in reasoning proficiency
over the period studied.

However, Figure 8 shows that for

the last three years there was an increase of proficiency in
reasoning at Carver.
Proficiency in Computation - Linear
A different situation was discovered through study of
data pertaining to Linear.

The F-ratio of differences of

means was 4.137, which was significant at the .01 level.
Thus the null hypothesis was rejected.

But the linear

orthogonal trend equation with an F-ratio of .012 was not
significant.

No significant linear trend could be

illustrated.

The F-ratio of 12.397 for the cubic effect was

significant.

A study of Table 4 showed the means fluctuated

during the period.

Thus the conclusion was reached that no

consistent directional trend of proficiency in computation
at Linear existed during the period 1960 to 1969.
Proficiency in Reasoning - Linear
Data in reasoning for Linear showed the first in
creasing trend in proficiency for any school.

The F-ratio

of 6.138 was significant at the .01 level, which led to
rejection of the null hypothesis.
The linear trend effect was significant at the .01
level with an F-ratio of 14.682.

When the graphs were drawn
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(Figure 9) the increasing trend of proficiency in reasoning
was disclosed.
Proficiency in Computation - Walnut Hill
The analysis of variance resulted in an F-ratio of
5.685, which was significant at the .01 level of probability.
The null hypothesis was rejected.

Differences between the

means in computation existed.
A linear relationship was found for means of computa
tional achievement.
the .01 level.

The F-ratio of 8.390 was significant at

The declining trend is displayed in Figure

10 .
Proficiency in Reasoning - Walnut Hill
An F-ratio of 3.542 was significant at the .01 level
— 3.38 was needed for significance— when reasoning differ
ences were tested.

The null hypothesis was rejected.

The linear relationship (Figure 11) was found through
orthogonal comparisons.

The F-ratio of 9.899 was signifi

cant at the .01 level of confidence.

It was noted that this

was the second significant increasing trend disclosed by the
data.
ACHIEVEMENT OF STUDENTS CLASSIFIED BY RACE
Table 6 and Table 7 present data regarding the
analysis of variance for students when categorized by race.
The schools of Broadmoor, Linwood, Oak Terrace, and Oil City
were grouped to foxm a sample of 4579 "white" students.

The
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Legend :
\/\/\Year Means
Trend Line
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Figure 9
Graph of Regression Equation Showing Linear Trend
of Proficiency in Reasoning Skills of
Students of Linear

1969
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Legend:
\/\/VYear Means
_____ Trend Line
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Figure 10
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computational Skills of
Students of Walnut Hill

1969
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Legend:
\ A / \ Y e a r Means
_____ Trend Line
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Figure 11
Graph of Regression Equation Showing Linear Trend
of Proficiency in Reasoning Skills of
Students of Walnut Hill

1969
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Table 6
Analysis of Variance of Proficiency in Areas of
Arithmetic of 4579 "White" Students
Using Years as a Source of
Variation

Area of
Arithmetic

Degrees of
Freedom

Sum of
Squares

Mean
Square

Computation

4

1500447.71

375111.93

Reasoning

4

71443.38

17860.84

F
6.269^
2.958^

♦Significant at the .05 level of confidence.
♦♦Significant at the .01 level of confidence.

Table 7
Analysis of Variance of Proficiency in Areas of
Arithmetic of 2324 "Black" Students
Using Years as a Source of
Variation

Area of
Arithmetic

Degrees of
Freedom

Sum of
Squares

Computation

4

1061927.69

Reasoning

4

63432.64

Mean
Square
265481.92
15858.16

♦♦Significant at the .01 level of confidence.

F
19.783^
3.537^
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2324 students from Carver, Linear, and Walnut Hill formed
the group categorized as "black" students.

The "black"

students comprised approximately 34 percent of the entire
sample studied.

Table 8 presents data regarding the means

for computation and reasoning for the years studied.
Proficiency in Computation - "White" Schools
The F-ratio (6.269) for the analysis of variance by
year for computation achievement was significant at the .01
level of confidence.

The null hypothesis that no differ

ences in achievement existed was rejected.

The linear

orthogonal regression effect was found significant at the
.01 level with an F-ratio of 14.888.

The declining effect

was graphed and is presented in Figure 12.
Proficiency in Reasoning - "White" Schools
The F-ratio (2.958) for reasoning differences was
significant at the .05 level of confidence.

A ratio of 2.37

was needed for significance at the .05 level and 3.32 was
needed for significance at the .01 level.
hypothesis was rejected.

The null

The linear orthogonal had an

F-ratio of 1.717 which was not significant at the .05 level.
The equation showed a decreasing effect but was not a
significant effect.

The quardic effect was significant but

the meaning was not clear for this problem concerning
trends.

Table 8
Least Squares Means of Proficiency in Areas of Arithmetic by Year For
Schools Classified "White" or "Black" According to
Student Population

School
Classification

Area of
Arithmetic

1961

1963

1965

1967

1969

Av g .

All "White"
Population
N = 4579

Computation

60.5

61.5

57.2

59.7

53.2

58.4

Reasoning

37.7

38.3

37.0

38.3

36.7

37.6

All "Black"
Population
N = 2324

Computation

34.7

38.7

34.6

32.4

32.0

34.5

Reasoning

24.3

24.6

24.0

23.5

25.5

24.4
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Legend:
\/S/\Year Means
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Figure 12

Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills of
Students Grouped in Category "White"
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Proficiency in Computation - "Black" Schools
Table 7 shows an F-ratio of 19.783 for differences in
achievement in computation when year means were compared.
This led to rejection of the null hypothesis at the .01
level of confidence.

A linear regression declining trend

was found to be significant with an F-ratio of 32.466.
Figure 13 displayed this declining trend.
Proficiency in Reasoning - "Black" Schools
The F-ratio

(3.537) for the analysis of variance

between differences in means in reasoning was significant at
the .01 level of probability.
rejected.
only .808.

The null hypothesis was

The linear regression equation had an F-ratio of
Therefore, the linear trend was increasing but

not significant at the .05 or .01 levels of confidence.
cubic effect was significant with an F-ratio of 8.947.

The
This

indicated a fluctuation of the means and that no real trend
existed.
OBSERVATIONS
The null hypothesis, or the hypothesis that no statis
tically significant differences among groups of students as
measured by achievement scores of the California Achievement
Test, was rejected for sixteen of the twenty arithmetic and
population factors identified in this study.
The pattern generally consistent throughout the study
was for the year 1963 to have means that were higher than
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Legend:
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Figure 13
Graph of Regression Equation Showing Linear Trend
of Proficiency in Computation Skills of
Students Grouped in the
Category "Black"

1969

61
the means o f rany other year.

It was not the purpose of this

project to determine the cause of this effect, but one might
speculate that the Sputnik effects of 1957 were felt through
better teaching efforts.

The students in 1963 would have

been enrolling in school in 1956, about the time of public
interest in mathematics and science.

However, this could

have been a good group of students for one year of the study.
Oak Terrace was the only school that seemed to differ
drastically from the stated pattern.
An unexpected finding of the study was that "black"
schools had an increase in reasoning proficiency during the
ten-year period and the "white" schools did not.

The

increases occurred generally in each "black" school.

The

"white" schools showed a decreasing trend for the period
studied.

It is likely that "black" students did not have

reasoning skills emphasized until modern arithmetic was
introduced.
The highest mean in computation was scored by Broad
moor.

The mean was 66.2 as compared to the average mean of

48.1 for all schools.

The "white" schools overall mean in

computation was 23.9 raw score units above the overall mean
for "black" schools.

When means in reasoning were compared,

Broadmoor again was the school scoring highest.

Broadmoor

is located in an area of Shreveport where the socio-economic
level is high.

The "black" schools' overall average in

reasoning was 13.2 raw score units below the "white" schools'
overall average.

Chapter 4
FINDINGS AND CONCLUSIONS
The purpose of this study was to determine if any
significant change in proficiency of students in Caddo
Parish, Louisiana in the basic areas of arithmetic computa
tion and reasoning had occurred during the period 1960 to
1969.

The period studied was not of transition from

traditional mathematics to modern mathematics.
Analysis of variance was used to test the data in
this project.

An F-ratio was computed for mean differences

in computation and/or reasoning for each group selected for
the study.

Rejection or acceptance of the null hypothesis

was dependent upon testing each F-ratio for significance at
the .05 and .01 levels of confidence.
When significant F-ratios were found in the analysis
of variance, regression trends were determined by employing
orthogonal comparisons.

The F-ratios for each regression

equation were computed and tested for significance at the
.05 and .01 levels of confidence.

Graphs were employed to

illustrate the increasing or decreasing linear regression
equations.
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Findings
Significant changes in proficiency in computation or
reasoning during the years 1960-1969 were disclosed by
comparing the various groups of the sample.
1. Differences in computational proficiency were
significant for:

2.

a.

The parish sample.

b.

The schools Broadmoor, Linwood, Oak Terrace,
Carver, Linear, and Walnut Hill.

c.

Schools grouped and

categorized as "black."

d.

Schools grouped and

categorized as "white."

Differences in reasoning proficiency were
significant for:
a.

The schools Linwood, Oak Terrace, Carver,
Linear, and Walnut Hill.

b.

Schools grouped and

categorized as "white."

c.

Schools grouped and

categorized as "black."

Changes in proficiency in computation or reasoning
that were not significant were found for some groups.
1.

Differences in computation proficiency that were
not significant were disclosed for the school
Oil City.

2.

Differences in reasoning proficiency that were
not significant were disclosed for:
a.

The parish sample.

b.

The schools Broadmoor and Oil City.

Significant linear trends were determined using
orthogonal regression comparisons for the following groups:
1.

Declining trends in computation proficiency were
found for:
a.

The parish sample.
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b.

The schools Broadmoor, Linwood, Oak Terrace,
Carver, and Walnut Hill.

c.

Schools grouped and categorized as "white."

d.

Schools grouped and categorized as "black."

2.

Declining trends in reasoning proficiency were
found for the schools Linwood, Oak Terrace, and
Carver.

3.

Increasing trends in reasoning proficiency were
found for the schools Linear and Walnut Hill.

Conclusions
Based upon the sample used, the following conclusions
appeared to be justified:
1.

There was a significant change in proficiency of

computation skills of students in Caddo Parish, Louisiana
during the period 1960-1969.
2.

A declining trend of proficiency in computational

skills was present in Caddo Parish, Louisiana during the
period 1960-1969.
3.

A significant change in achievement in reasoning

was not found among students in the parish.
4.

Significant declining trends of proficiency in

computational skills were present in the following schools:
Broadmoor, Linwood, Oak Terrace, Carver, and Walnut Hill.
5.

Schools categorized as "white" according to

student population had a significant declining trend in
computational proficiency.
6.

Schools categorized as "black" according to

student population had a significant declining trend in
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computational proficiency.
7.

No school of the sample had an increasing trend

in computational proficiency during the period studied.
8.

Significant declining trends of proficiency in

reasoning were present in the following schools:

Linwood,

Oak Terrace, and Carver.
9.

Significant increasing trends of proficiency in

reasoning were present in the schools Linear and Walnut Hill.
10.

Increasing trends of proficiency in reasoning

were present in schools categorized as "black" according to
student population.
Final Remarks
Most teachers would agree that certain aspects of
the modern approaches have been good for mathematics.
Mathematics has been given new vitality; the general public
has been aroused; students have become involved and moti
vated; and improved instruction has been generated.

The

introduction of modern approaches brought about many changes
in arithmetic instruction and content.
emphasizes the structure of arithmetic.

A modern program
The understanding

of an arithmetic algorithm is taught by a developmental
method rather than by drill.

New language and mathematical

topics have been introduced at the same time other topics
were being required at lower-grade levels.

Inductive, or

discovery, methods of instruction are a part of most modern
programs.

Since arithmetic has changed in these ways, it is
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possible that the content validity of the California Achieve
ment Test as a measure of computational and reasoning skills
for a modern program can be questioned.

But most educators

would agree that a modern approach was not introduced to
change the curriculum, rather it was to be a better way to
teach the arithmetic already in the curriculum as well as to
prepare a student to continue study in mathematics.

Smart

(1967:85-86) wrote:
A primary reason why modern mathematics was intro
duced into the elementary curriculum was so that
arithmetic would be taught better. Modern mathematics
is often a tool, not an end in itself.
The idea of
speed and correct answers are as important as ever.
This project was an attempt to show the changes in pro
ficiency in computation and reasoning that had occurred
during the period 1960-1969.

Therefore, it was assumed that

the California Achievement Test still measures computational
and reasoning skills with a high degree of validity and
reliability.

Within the stated limitations it seems that

modern arithmetic, offered in good faith by its producers,
has been shown by this study to be short of expectations and
not the panacea that educators were led to believe.
The trend in proficiency of reasoning for the sample
studied was not significant.

It was expected than an

increase in proficiency in reasoning would be reported since
concepts and logic— a part of modern mathematics— were
tested for change.
again paramount.

A question of content and objectives was
If the goals of reasoning remained the

same during the period studied, then this sample population
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showed the goals were not improving significantly, but merely
maintained.

Perhaps a test designed specifically to survey

the reasoning content of a modern program would have enabled
this writer to report different findings.
Some educators argue that computational skills must
be emphasized in an arithmetic program.

Writing about

present-day problems of instruction in mathematics, Servais
(1968:791-800) said;

"Whatever innovations shall be made,

numerical computation and algebraic manipulation must be the
object of sufficient practice to create automatic responses
properly checked."

In a statement strongly favoring pro

ficiency in computation, Woodby (1965:2) wrote:

"We must

prepare all citizens to live in a nation where two-thirds of
the skilled and semi-skilled job opportunities demand
mathematical competence."

There are also those who would

argue that computational proficiency should not be our major
concern; that it is not correct to equate mathematics
ability with proficiency in computation.

Proficiency in

computation was a major concern of this project, but the
purpose was not to prove or disprove the need for skill in
computational algorithms.

Since there is disagreement con

cerning emphasis in contemporary arithmetic, it is apparent
that serious thought must be given to the blending of modern
and traditional approaches in order to formulate a program
in computation and reasoning that will meet the needs of
the population.
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